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Abstract

In the industrial field, various type of fuel have been used for product processing facilities. Recent for
10 years, the usage of natural gas (NG) was gradually increased. Because it has many merits; clean
fuel, no transportation, storage facility and so on. There are common safety concept that strict
explosion protection approaches are needed for facilities where explosive materials such as flammable
liquid, vapor and gases exist. But some has an optimistic point of view that the lighter than air gases
such as NG disperse rapidly, hence do not form explosion environment upon release into the
atmosphere, many parts has a conventional safety point of view that those gases are also inflammable
gases, hence can form explosion environment although the extent is limited and present.

In this paper, the heating equipments (Hot Oil Heater) was reviewed and some risk management
measures were proposed. These measures include hazardous area classification and explosion—proof
provisions of electric apparatus, an early gas leak detection and isolation, ventilation system reliability,
emergency response plan and training and so on. This study calculates Hazardous Area Classification
using the hypothetical volume in the KS C IEC code.
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[Figure 1] Hot Oil Heater Process
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<Table 1> Physical Property and Explosion Characteristic of NG

232 FAATYA HHE A T2
7y Adn|e] = AU (FEAM, Location)
= 2 - = 5% (Grade of Release), =%
7] (Release Area), +3d 25%/¢8 (Operating

Molar . Ignition . .
.. Polytropic LEL Density Explosion
N Comteloiition lipess Index Tecmp. (vol%) (g/l) Characteristics
(g/gmol) (C)
Natural Gas(NG) CH4 16.05 1.36 500 5 0.8 oTA T1
287 (Outdoor

Temperature/ Pressure), 7] <%
Temperature), F=9 TH AE i 7+ A%
(Considered Volume), 27] 4% (Venting Rate) &
— 2 <Table 2> ¢} ¥tk

<Table 2> Release Source Condition (¥) S : Secondary

Grade Release Operating Outdoor Operating | Considered Venting
Facility Location of Area Temp. Temp. Pressure Volume Rate
Release (mm2) (C) (C) (pa) (m3) (m3/h)
Piping .
. Flange S ) 0.25 10..2
Hot Oil Burner x 3.4
Heater S 0.1 25 20,000 ) 5,832
Flange x 3.9
No.1
Control (135)
S 0.25
Valve
Piping
. Flange S 0.25 7.8
Hot Oil Burner X 5
Heater S 0.1 25 20,000 4,000
Flange x5
No.2
Control (195)
S 0.25
Valve
Liping S 0.25
. ange 7.5
Hot Oil B A
Heater Lrner S 0.1 25 20,000 X 4,000
N Flange x 8
0.3
Control (240
S 0.25
Valve
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<Table 3> The Calculation Results about Hazardous Area Classification

Release Rate Required Rate of Fresh Air Hypothetical Volume
Critical Al Al Number of
o ~ riti
Facility | Location cd oW LELm |Safety oW Quality Air Volume
Pressure Rate Rate
(kg/m3) | Factor Factor | Change (m3)
(pa) (kg/s) (m3/s)
(No./s)
Piping 4.011xE—05 0.00244 0.42
Hot Oil glange
Heater Filmer 189,352 |1.604xE—05(0.033384| 0.5 | 0.00098 | 2 0012 | 017
No.l  Gontrol
4.011xE-05 0.00244 0.42
Valve
Piping 4.011xE—05 0.00244 0.89
Hot Oil gla“ge
ner
Heater Fi,ll” € 189,352 [1.604xE—05]0.033384| 0.5 0.00098 2 0.00569 0.36
ange
No.2 Contfol
4.011xE—-05 0.00244 0.89
Valve
Piping
4.011xE—-05 0.00244 1.09
Hot Oil |Llange
Burner
Heater Al 189,352 [1.604xE—05]0.033384| 0.5 | 0.00098 2 0.00463 0.44
ange
No.3 Contfol
4.011xE-05 0.00244 1.09
Valve
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<Table 4> Decision Matrix for Hazardous Area Classification

Ventilation Degree
Grade High Medium \ Low
of Ventilation Availability
Good, Fair,
Release Good Fair Poor Good Fair Poor o0 ar
Poor
7 0
(Zone (Zone 0
) NE) () (Zone 0 NE) Zone O + | Zone O +
Continuous NE) Zone 0O Zone 0O
Non— Zone 2 Zone 2 Zone 1
Zone 1
Hazardous
7 1 NE 7z 1
) (Zone ) (Zone 1 NE) (Zone Zone 1 + | Zone 1 + Zone 1
Primary Non— NE) Zone 1
Zone 2 Zone 2 Zone 2 or Zone 0O
Hazardous Zone 2
(Zone 2 NE) |(Zone 2 NE) 7 1
one
Secondary Non— Non— Zone 2 Zone 2 Zone 2 Zone 2
and Zone O
Hazardous | Hazardous

(*)NE : Negligible Extent,

7} An)e] +% 7|5 Point (Location)
A2 8 (Type of Hazardous Area) T-%

Ay ol &
Z9) Y
ul o3
=~ =}

‘+"  signifies 'surrounded by’

W (Hazardous Radius) AF A3= <Table 5>
9} k.

<Table 5> Hazardous Radius and The Type of Hazardous Area

Hypothetical Hazardous Radius (m) Persistence Type of
Facility Location Volume Caleulated Rounded Time Hazardous
(m3) (hr) Area
Hot Oil Piping Flange 0.42 0.465444 0.5
Burner
Heater 0.17 0.342942 0.35 0.17 2%
No.l Flange
o. Control Valve 0.42 0.465444 0.5
Hot Oil Pipilrglg Flange 0.89 0.596234 0.6
Heater wrner 0.36 0.439309 0.45 0.36 0%
No.2 Flange
0 Control Valve 0.89 0.596234 0.6
Hot Oil Pipigg Flange 1.09 0.638963 0.65
Heater wrner 0.44 0.470792 0.5 0.44 2%
Flange
No3  [Control Valve]  1.09 0.638963 0.65
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[Figure 2] Hazardous Area Classification for Hot
Oil Heater Process
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[Figure 3] Hazardous Area Classification for
Flammable Gas in an Adequately Ventilated
Enclosed Area (API RP 505)
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[Figure 4] Hazardous Area Classification for
Lighter than Air Gas in an Adequately Ventilated
Enclosed Area (NFPA 497)

Matenal: Lighter-than-air gas
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[EC 60079-10—-1, 2015

atmospheres — Part 10—1 Classification of

Petroleum
Classification

Explosive

areas — Explosive gas atmospheres.
KOSHA Guide E—138—-2015, The Technical
Guide of Risk Assesment Based Classification

of Hazardous Area for Natural Gas Using
Boiler.

API RP 505
Classification of Locations
Installations at Petroleum Facilities Classified
as Class I, Zone O, Zone 1 and Zone 2.

NFPA 497 : Recommended Practice for the
Classification of Flammable Liquids, Gases or
(Classified)
Installations  in

Recommended Practice for

for Electrical

Vapors and of Hazardous

Locations for Electrical

Chemical Process Areas.
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